Native starch was extracted from nine germplasm collections of Araucaria angustifolia seeds in aqueous medium and they were characterized by Pasting Properties (RVA), X-ray Powder Diffractometry (XRD) and Scanning Electron Microscopy (SEM). The gelatinization process of each sample was evaluated at different ratios of starch:water by Differential Scanning Calorimetry (DSC). A slight displacement in the gelatinization curves was observed for the pinhão starches prepared with different amounts of water. With an increase in water content, most of the samples presented a decrease in the peak, the conclusion temperatures, and the range of gelatinization temperatures, while the enthalpy did not follow a standard behavior. A displacement or a narrowing of the gelatinization temperature range occurred with increasing water content. Pinhão starch showed pasting temperature in the range of 60-67 o C and there were differences in the pasting properties and degree of relative crystallinity between the analyzed samples. The C-type diffraction pattern was found for all the samples and the morphology of starch granules was similar, with oval and round shapes. Therefore, different characteristics were found among starches from nine germplasm collections, encouraging the protection of the biological diversity of selected species, aiming at future applications.
Introduction
Starch, among the carbohydrates, is one of the most abundant renewable sources, widely used for industrial purposes due to its physicochemical properties and low cost. The main economic sources of starches are plants, in which this biopolymer occurs in various sites (cereal grains, seeds, roots and tubers, stems, etc.) as tiny white granules. They may present an oval, spherical, round, polygonal or lenticular shape, with a diameter range of <1 up to 100 µm. Starch granules are composed mainly of two glucose polymers called amylose (with a linear form consisting of up to 3000 glucose units; interconnected primarily by α-1,4 glycosidic linkages) and amylopectin (a large branched polymer with α-1,4 linkages that serve as a backbone and α-1,6 bridges at the branch points) (Bicudo et al., 2009; de Conto, Vicente Plata-Oviedo, Steel, & Chang, 2011; Pinto et al., 2012; Thys, Aires, Marczak, & Noreña, 2013) . "Pinhão" is the name of the seeds from "Paraná pine", a tree that belongs to the Araucariaceae family (Araucaria angustifolia syn. Araucaria brasiliensis). This tree grows in forests of Brazil (South Region), Paraguay, Argentina, and Chile; however, it is threatened with extinction due to excessive extraction of its wood. The pinhão seeds are consumed by humans (mainly during the winter) after cooking in water and later peeling and also used as flour in regional cuisine. The main component of pinhão seeds is starch (68-72%, dry basis), but protein (around 3%), lipid (around 1%), soluble sugars (around 2.4%), as well as dietary fibers, phenolic compounds and minerals such as copper and magnesium are also found (Cordenunsi et al., 2004; Daudt, Kuelkamp-Guerreiro, Cladera-Olivera, Silveira Thys, & Ferreira Marczak, 2014; Ribeiro et al., 2014) . Germplasm collections are sources of genetic variability for plant breeding. These techniques are available and necessary with the aim to protect the biological diversity of selected species, mainly those that are at risk for extinction. Thus, EMBRAPA Forests created a germplasm bank with 224 different types of conifer Araucaria, in the city of Colombo, PR, Brazil (Bello-Perez et al., 2006; Villalobos, Ferreira, & Mora, 1991) . Gelatinization is a process that occurs when the starch-water slurry is heated, and the starch granules swell. The energy required for molecular order disruption of starch granules differs according to their botanical origin. With the DSC technique, this molecular disorder is often observed as an endothermic phenomenon (Kohyama, Matsuki, Yasui, & Sasaki, 2004; Malucelli et al., 2015) . As starch is used in the food industry to confer some functional properties, this investigation was carried out to characterize the starches from nine different sources of pinhão seeds and evaluate the gelatinization process at different ratios of starch:water.
Materials and Methods

Materials
The genetic resources of the pinhão seeds were collected in the germplasm bank (Embrapa Forestry-Colombo-PR-Brazil) and all the seeds were collected in June (2016), at the same maturation stage.
Starch extraction
The starch extraction was carried out according to Bello-Perez et al. (2006) with the following modifications proposed by Oliveira Gomes da : the main coat (hard) of seeds was removed as well as the second coat (a thin layer) adhered to the surface. Isolated seeds were milled, and an equal mass of distilled water was added. The suspension was mechanically stirred for 10 min, sieved (200 mesh or 0.075 mm) and centrifuged (5000 rpm for 10 min). Obtained starch was carefully dried in an oven with forced air circulation at 40 o C for 24 h. Finally, the purified starch was kept in a desiccator over anhydrous calcium chloride up to constant mass.
Differential scanning calorimetry (DSC)
The DSC curves were obtained using a DSC-Q200 model (TA-Instr. Co., USA). Initially the instrument was calibrated with 99.99% standard indium, m.p. = 156.6 o C, ∆H = 28.56 J g −1 .
Each sample was prepared, in triplicate, as follows: 2.0 mg of starch sample and 8.0 µL of distilled water were added to an aluminum crucible (sample with starch:water ratio 1:4). Afterward, the crucible was sealed and held at rest for 60 min (samples A1 to A9) to perform DSC analysis. The same procedure was adopted for other samples with starch:water ratios of 1:5 (samples B1 to B9) and 1:6 (samples C1 to C9). The conditions of the instrument for each analysis were: heating rate of 10 o C min −1 from 30 o C to 100 o C under air flow of 50 mL min −1 and an empty aluminum crucible was used as reference. The temperature onset (T o ), peak temperature (T p ), endset or conclusion temperature (T c ), as well as IJFS October 2019 Volume 8 pages 13-22 gelatinization enthalpy (∆H gel ) were calculated (Malucelli et al., 2015) .
Pasting properties (RVA)
The pasting profiles of the studied starches were obtained in triplicate according to the literature (Hornung, de Oliveira, Lazzarotto, da Silveira Lazzarotto, & Schnitzler, 2016) using the Rapid Visco Analyser (RVA-4, Newport Sci., Australia). Sample moisture was previously measured to prepare a suspension containing 8 % starch (dry basis), with the addition of water to make up the total mass of 28 g in the RVA canister. The suspensions were subjected to a programmed heating and cooling cycle (STD-2, Thermocline for Windows), where they were continuously stirred at 160 rpm. The temperature was maintained at 50 o C for 2 min, then heated to 95 o C at a rate of 6 o C min −1 and held at this temperature for 5 min. Finally, the mass was cooled to 50 o C at a rate of 6 o C min −1 and maintained for 2 min.
X-ray diffractograms (DRX)
Each sample was analyzed in triplicate on a glass support and exposed to CuKα radiation (wavelength 1.5418Å), subjected to 40 kV and current of 20 mA in the X-ray diffractometer (Ultima 4, Rigaku Co., Japan). The scattered radiation was detected in the angular range of 5-50 o (2Θ) with scanning speed of 8 min −1 and a step of 0.06 o . The relative crystallinity was calculated in agreement with the method previously described (Zhang, Xie, Zhao, Liu, & Gao, 2009 ).
Morphological analysis (SEM)
Scanning electron microscopy (SEM) was carried out with the instrument VEGA3 (TESCAN, Czech Rep.). The parameters of analysis were: 20 µm in the reading scale, with a voltage of 20 kV in the electron beam, tungsten filament and retro mirrored electron detector. The instrument is based on electrons passing through the previously prepared sample. Initially, the sample was attached to a carbon tape and prepared by a metallization process with gold and palladium plasma. The mean diameter of the granules was calculated with the aid of AZtec software (Bet, Cordoba, Ribeiro, & Schnitzler, 2016 ).
Statistical analysis
After assuming normality of the data and verifying the homoscedasticity of the variances (p> 0.05) by Levene's test, differences between the means were verified by analysis of variance (ANOVA) and compared by Duncan's test (p<0.05). The software programs used were ACTION T M and SASM-Agri T M 8.2.
Results and discussion
Heating of starch in the presence of water leads to an irreversible transformation known as gelatinization, which is characteristic of the botanical origin and molecular composition of each starch. This phenomenon is an endothermic process that results in the disruption of molecular order (double helical and crystalline structures) within the starch granules with the creation of a molecular dispersion called a "paste" or "gel" (Klein et al., 2013; Kohyama et al., 2004) . Among the different analytical methods, differential scanning calorimetry (DSC) has been preferred for measuring starch gelatinization (Wani et al., 2012) . Figure 1 shows the DSC curves and it is possible to observe a slight displacement in the thermal event for the samples containing different proportions of water. Differences between the pinhão starches from nine germplasm accessions in the DSC results can be visualized in (Pinto, Vanier, Deon, et al., 2015) and 66.69 o C (Klein et al., 2013) , suggesting that these samples were acquired in respective local commerce (from different cities) in the southern region of Brazil. Zortéa-Guidolin et al. (2017) Considering the starch:water ratios (1:4, 1:5 and 1:6), slight differences in the peak temperatures (T p ) were observed. For most of the samples (1, 3, 5, 7 and 9), the increase in the water content led to decreased T p . In addition, a decrease in the transition temperature range was observed for samples 2, 3, 5, 6, 7 and 9, and an increase for samples 1, 4 and 8. This was also observed for flour and starch of chestnuts in different water contents (Torres, Moreira, Chenlo, & Morel, 2013) . It was suggested that this occurred due to the plasticising action of water over starch crystals, which assists in the conduction of energy, favoring a greater mobility of chains, and therefore, a lower temperature is necessary for this irreversible transition (Schirmer, Zeller, Krause, Jekle, & Becker, 2014) . The water content did not significantly affect (p<0.05) the onset and the peak temperatures for samples 2 and 6. Only samples 4 and 8B showed an increase in T p value. The increase in the water content promoted a decrease in the conclusion temperature, suggesting a displacement or a narrowing of the gelatinization range.
The gelatinization enthalpy (∆H gel ) showed differences between each sample. Samples 1, 2 and 4 showed an increase in ∆H gel proportional to the starch:water ratio increase, as was observed for flour and starch of chestnut (Torres et al., 2013) . Samples 3, 5, 6 and 7 showed a decrease and the others did not follow this behavior. Some differences in DSC values for peak temperature (T p ) and gelatinization enthalpy (∆H gel ) of native pinhão starches among different authors can be attributed to differences among the samples (samples from market or selected from germplasm banks), different starch extraction processes (aqueous medium or chemical), instrument conditions (heating rate, starch:water ratio) and architecture of the crystalline region. In addition, the initial moisture as well as the way the water diffuses between the chains may be a determinant in the gelatinization of the starch (Hoover, 2001) . The pasting properties of each analyzed pinhão starch were performed and the RVA curves are shown in Figure 2 . Differences can be noted among the samples, and for better visualization the results are presented in Table 2 . pinhão starch showed lower pasting temperature values, different from other unmodified starches such as corn (Malucelli et al., 2015) , cassava (Hornung et al., 2016; Hornung, Granza, de Oliveira, Lazzarotto, & Schnitzler, 2015) , common vetch (Bet et al., 2016) , avocado , European chestnut (Lopes et al., 2016) , carioca bean and potato . In this investigation, samples 7 and 5 showed the highest values of pasting temperature (67.0 and 66.3 o C, respectively, without significant difference by Duncan's Test, p<0.05) and samples 2, 4 and 9 showed the lowest (60.8; 60.2 and 60.0 o C, respectively, without significant difference by Duncan's Test, p<0.05). These data corroborate that observed in T o , determined by DSC, although the values by this analysis were lower, as observed by Park, Lbanez, Zhong, and Shoemaker (2007) . DSC is a highly sensitive method, allowing the detection of temperatures at the beginning of the gelatinization process as a thermal response. On the other hand, the pasting temperature is related to the minimum cooking temperature of the starch, when the viscosity increases due to the maximum volume of swollen granules, which will already be disinte-IJFS October 2019 Volume 8 pages 13-22 grated due to the shear used in this analysis. Thus, these temperatures can be correlated, and a lower value is expected from the higher sensitivity analysis (DSC) (Noisuwan, Bronlund, Wilkinson, & Hemar, 2008) . The highest viscosity of starch slurry was found for sample 1 (3091.0 cP) and the lowest for sample 2 (1931.5 cP), which also had the lowest enthalpy (DSC). The final viscosity of pinhão starch, which indicates the ability to form a viscous paste, was highest for samples 1, 3, 5, 7 and 9 (without significant differences by Duncan's Test, p<0.05) and lowest for samples 2, 4 and 8. Zortéa-Guidolin et al. (2017) also observed high final viscosity from seven accessions of the same germplasm bank, but the values of the bonding properties were different from the present study. The relative crystallinity of the studied pinhão starches was quantitatively calculated based on the relationship between the peaks and the total area of diffraction patterns, and values are shown in Table 1 . The lowest value was obtained for sample 2, which also showed the lowest enthalpy value of gelatinization. The highest relative crystallinity was exhibited by samples 1 and 7 (without significant differences by Duncan's Test, p<0.05). According to Hoover (2001) , enthalpy may be correlated to the quantity and order of the double helices of amsylopectin, mainly to the distribution of short chains, that is to say, the molecular architecture of the starch. In another study with pinhão starch from four germplasm collections, authors found values between 25.43-28.43% (Oliveira Gomes da . In a recent study (Zortéa-Guidolin et al., 2017) , authors described values of relative crystallinity of pinhão starch from seven germplasm collections and their results were between 26.37-30.46%. The X-ray diffractograms of native pinhão starch showed peaks at 15 o , 17 o and 23 o (2Θ), and another small peak at approximately 5.7 o , typical of C-type structures, and as also observed by other authors (Daudt et al., 2014; Pinto et al., 2012; Zortéa-Guidolin et al., 2017) . Regarding SEM analysis, the morphology of all samples presented oval and round shapes as previously reported by and Bello-Perez et al. (2006) and hemispherical or truncated ellipsoid shapes with smooth surfaces (Zortéa-Guidolin et al., 2017) . In this investigation, the average diameter of the samples is shown in Table 1 , with values between 12.8-16.1 µm. In other studies, the average diameter of starches from pinhão was 22.9 µm and 13.98 µm (Ribeiro et al., 2014) . Other values of average diameter of pinhão starches from germplasm accessions reported in the literature were 12.41 to 16.21 µm (Oliveira Gomes da and 12 µm (Zortéa-Guidolin et al., 2017).
Conclusions
The proposed study shows differences in gelatinization processes of pinhão starch from nine germplasm collections. When a starch suspension was prepared in a small amount of water, higher peak and conclusion temperatures and gelatinization temperature ranges were observed, since water is a limiting factor for gelatinization of the starch. It was not possible to relate the enthalpy to the water content. New studies may be carried out, such as the determination of amylose/amylopectin ratio, which directly influences starch properties and may be different for species from the same botanical source. Differences in the pasting properties were identified between the samples. The X-ray diffraction pattern indicated that the starch was C-type, and an oval shape was observed for the starch granules. Since germplasm is related to genetic resource protection, further characteristics must be evaluated for its preservation and other rational uses.
